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IN THE CLAIMS 

This listing of claims will replace all prior versions, and listings, of claims in 
the application. An identifier indicating the status of each claim is provided. 

Listing of Claims 



a plurality of vibration spaces and a piezoelectric laminated structure foiTned on the substrate, 
a plurality of thin film piezoelectric resonators being foimed facing the vibration spaces, 
wherein the piezoelectric laminated structuie has at least a piezoelectric film and a metal 
electrode foimed on at least a part of each of opposite surfaces of the piezoelectric film, the 
piezoelectric laminated structure comprises diaphragms positioned facing the vibration 
spaces, and a support area other than the diaphragms, at least one set of two adjacent thin film 
piezoelectric resonators ai*e electrically connected to each other through the metal electrode, 
the thin film piezoelectric device comprising at least one set of two adjacent thin film 
piezoelectric resonators in which DO is a distance between the centers of the diaphragms of 
the two electrically connected adjacent thin film piezoelectric resonators and Dl is a length of 
a segment of a support area on a straight line passing through centers of the diaphragms of 
two electrically connected adjacent thin film piezoelectric resonators, and a ratio Dl/DO is 0.1 
to 0.5. 



1. (Original) 



A thin film piezoelectric device including a substrate having 
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2. (Original) The thin film piezoelectric device according to claim 1 , 
wherein the ratio Dl/DO is in a range of 0. 1 to 0.5 with respect to all the sets of two 
electrically connected adjacent thin film piezoelectric resonators. 



wherein each of the vibration spaces is fonned by a via hole extending fi om the surface of the 
substrate on which the piezoelectric laminated structuie is fornied to the opposite surface, and 
a side wall surface of the via hole forms a slant angle in a range of 80 to lOO.degi ee. with 
respect to the surface of the substrate on which the piezoelectric laminated structure is 
formed. 



wherein the piezoelectric laminated structui e comprises a lower electrode constituting the 
metal electrode, the piezoelectric film, and an upper electrode constituting the metal electrode 
stacked in order fiom the substrate side in at least one thin film piezoelectric resonator. 

5. (Original) The thin film piezoelectric device according to claim 4, 
wherein the upper electrode of the at least one thin film piezoelectric resonator comprises two 
electrode portions. 

6. (Original) The thin film piezoelectric device according to claim 1, 
wherein the piezoelectric laminated structure comprises a lower electrode constituting the 
metal electrode, a first piezoelectric film, an inner electrode constituting the metal electrode, a 



3. (Original) 



The thin film piezoelectric device according to claim 1 , 



4. (Original) 



The thin film piezoelectric device according to claim 1, 
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second piezoelectric film, and an upper electrode constituting the metal electrode stacked in 
order fi om the substrate side in at least one thin film piezoelectric resonator. 

7. (Previously Presented) The thin film piezoelectric device according to claim 
1 , wherein at least one insulating layer of silicon oxide and/or silicon nitride and/or aluminum 
nitride as a main component is attached to the diaphragm. 

8. (Previously Presented) The thin film piezoelectric device according to claim 
1, wherein an insulating layer comprising at least one layer of silicon oxide and/or silicon 
nitride and/or aluminum nitride as a main component intervenes only between the support 
area of the piezoelectric laminated structure and the substrate. 

9. (Original) The thin film piezoelectric device according to claim 1, 
wherein the piezoelectric film is an oriented ciystal film represented by a general formula 
Al.sub. 1-xGa.sub.xN (where 0<x<l) and consists of a solid solution of aluminum nitride and 
gallium nitride showing a c-axis orientation, and a rocking curve half value width (FWHM) of 
a diffraction peak of a (0002) surface of the film is 3.0. degree, or less in at least one thin film 
piezoelectric resonator. 

10. (Original) The thin film piezoelectric device according to claim 1 , 
wherein the piezoelectric film is a zinc oxide thin film showing a c-axis orientation, and a 
rocking curve half value Width (FWM) of a diffraction peak of a (0002) surface of the film is 
S.O.degree. or less in at least one thin film piezoelectric resonator. 
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1 1 . (Original) The thin film piezoelectric device according to claim 1 , 
wherein the piezoelectric film is a lead titanate thin film or a lead zirconate titanate thin film 
in at least one thin film piezoelectric resonator. 

12. (Original) The thin film piezoelectric device according to claim 1, 
wherein the planar shape of one of the diaphragms has two pairs of opposite sides, and at least 
one pair of opposite sides is fomied to be non-parallel in at least one thin film piezoelectric 
resonator. 

13. (Original) The thin film piezoelectric device according to claim 1, 
wherein at least a pait of the planai* shape of one of the diaphragms is formed by a non-squai e 
in'egulai' polygonal shape in at least one thin film piezoelectric resonator. 

14. (Original) The thin film piezoelectric device according to claim 1, 
wherein the planai- shape of one of the diaphragms is formed, by a non-squai e in*egular 
polygonal shape including a curved portion in at least a part of the shape in at least one thin 
film piezoelectric resonator. 

1 5. (Original) The thin film piezoelectric device according to claim 1 , the 
thin film piezoelectric device being a thin film piezoelectric filter. 
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16. (Original) The thin film piezoelectric device according to claim 15, 
wherein the thin film piezoelectric filter comprises a ladder type circuit comprising a plurality 
of thin film piezoelectric resonators connected in series and at least one of the thin film 
piezoelectric resonators branched fi'om/connected to the plurality of resonators connected in 
series. 

17. (Original) The thin film piezoelectric device according to claim 1, the 
thin film piezoelectric device being a duplexer comprising a plurality of thin film 
piezoelectric filters. 

18. (Original) The thin film piezoelectric device according to claim 1 7, 
wherein the thin film piezoelectric filter comprises a ladder type circuit comprising a plurality 
of thin film piezoelectric resonators connected in series and at least one of the thin film 
piezoelectric resonators branched fi*om/connected to the plurality of resonators connected in 
series. 

19. (Original) A method of manufacturing the thin film piezoelectric device 
according to claim 1, comprising the steps of: fonning the piezoelectric laminated structure on 
the substrate comprising a semiconductor or an insulator; and thereafter forming the vibration 
spaces in the substrate from a side opposite to the side on which the piezoelectric laminated 
structure is fabricated by a deep graving type reactive ion etching process. 
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20. (CuiTently Amended) A thin film piezoelectric resonator fonned using a 
substrate having a vibration space, an insulating laver formed on an upper surface of the 
substrate , and a piezoelectric laminated structure fonned on th e substrate an upper surface of the 
insulating laver and a diaphragm positioned facing the vibration space, wherein the piezoelectric 
laminated structure comprises at least a piezoelectric film and a metal electrode foiTned on at 
least apart of each of the opposite surfaces of the piezoelectric film, the diaphragm comprises a 
portion of the piezoelectric laminated structure and a portion of the insulating laver, and 
assuming that a thickness of the piezoelectric film is 't\ and a thickness of the insulating layer is 
'f \ 0. 1 < tVt < 0.5 is satisfied and wherein the vibration space is formed by a via hole extending 
fi*om the surface of the substrate on which the insulating layer is formed to an opposite surface, 
and a side wall surface of the via hole forms an angle in a range of 80 to 100 degrees with 
respect to the surface of the substrate on which the pi e zo e l e ctric laminated structur e insulating 
laye r is formed. 



claim 20, wherein the piezoelectric laminated structure comprises a lower electrode constituting 
the metal electrode, the piezoelectric film, and an upper electrode constituting the metal 
electrode stacked in order fiom the substrat e insulating layer side, and the upper electrode 
comprises two electrode portions. 

22. (Currently Amended) The thin film piezoelectric resonator according to 
claim 20, wherein the piezoelectric laminated structure comprises a lower electrode constituting 
the metal electrode, a first piezoelectric film, an inner electrode constituting the metal electrode. 



21. (Currently Amended) 



The thin film piezoelectric resonator according to 
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a second piezoelectric film, and an upper electrode constituting the metal electrode stacked in 
order fi om the substrate insulating layer side. 

23. (Cuirently Amended) The thin film piezoelectric resonator according to claim 
20, wherein the insulating layer comprises at least one insulating layer of silicon oxide and/or 

sUteon-n-it-ride-and/or aluminum nitride as a main component4s--attae-he4 to-the diap^hrag-m. 

24. (Canceled) 

25. (CuiTently Amended) The thin film piezoelectric resonator according to 
claim 20, wherein at least -one the insulating layer comprises at least one layer of silicon oxide 
and/or silicon nitride and/of-akminum^itfide-as a main component~intervenes-en:ly-bet-ween~a 
support ai ea of the piezoelectric laminated structur e and the substrate . 

26. (Original) The thin film piezoelectric resonator according to claim 20, 
wherein the piezoelectric film comprises a film made of zinc oxide j a film made of lead 
titanate; a film made of lead zirconate titanate; or an oriented ciystal film represented by a 
general formula Al.sub. 1-xGa.sub.xN (where 0<x<l) and made of a solid solution of 
aluminum nitride and gallium nitride. 

27. (Original) The thin film piezoelectric resonator according to claim 20, 
wherein the planar shape of the diaphragm has two pairs of opposite sides, and at least one 
pair of opposite sides is formed to be non-parallel. 
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28. (Original) The thin film piezoelectric resonator according to claim 20, 
wherein at least a pait of the planar shape of the diaphragm is formed by a non-square 
iiregular polygonal shape. 

29. (Original) The thin film piezoelectric resonator according to claim 20, 
wherein the planai* shape of the diaphragm is formed by a non-squai*e iiregular polygonal 
shape including a curved portion in at least a part of the shape. 

30. (Original) The thin film piezoelectric resonator according to claim 20, 
wherein at least one of metal electrodes comprises a main electrode layer and an adhesive 
layer. 

3 1 . (Original) The thin film piezoelectric resonator according to claim 20, 
wherein a thickness of the piezoelectric film is in a range of 0.98 to 1.57 .mu.m. 



claim 20, wherein the piezoelectric laminated structure corr^rises a lower electrode constituting 
the metal electrode, the piezoelectric film, and an upper electrode constituting the metal 
electrode stacked in order fi om the substrate insulating laver side, and a total of thicknesses of 
the lower electrode and the upper electrode is in a range of 320 to 485 nm. 



32. (CuiTently Amended) 



The thin film piezoelectric resonator according to 
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33. (Original) The thin film piezoelectric resonator according to claim 32, 
wherein a thickness of the lower electrode is in a range of 170 to 235 nm. 

34. (Original) The thin film piezoelectric resonator according to claim 32, 
wherein a thickness of the upper electrode is in a range of 150 to 250 nm. 



claim 20, wherein the piezoelectric laminated structure comprises a lower electrode constituting 
the metal electrode, the piezoelectric film, and an upper electrode constituting the metal 
electrode stacked in order fi om the substrate insulating layer side, and a ratio of a total of 
thicknesses of the lower electrode and the upper electrode to a thickness of the piezoelectric film 
is in a range of 0.255 to 0.392. 



claim 30, wherein the piezoelectric laminated structure comprises a lower electrode constituting 
the metal electrode, the piezoelectric film, and an upper electrode constituting the metal 
electrode stacked in order from the substrat e insulating layer side, and a ratio of a total of 
thicknesses of the lower electrode and the upper electrode to a thickness of the piezoelectric film 
is in a range of 0.255 to 0.452. 

37. (Original) The thin film piezoelectric device according to claim 2, 
wherein the ratio D 1/DO is in a range of 0. 1 8 to 0.3 with respect to all the sets of two 
electrically connected-adjacent thin film piezoelectric resonators. 



35. (Cun ently Amended) 



The thin film piezoelectric resonator according to 



36. (Cuirently Amended) 



The thin film piezoelectric resonator according to 
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38. (Original) The thin film piezoelectric device according to claim 7, 
wherein assuming that a thickness of the piezoelectric film is t, and a thickness of the 
insulating layer is t', 0. l.ltoreq.t'/tltoreq.O.S is satisfied. 

39. (Original) The thin film piezoelectric device according to claim 1, 
wherein at least one of metal electrodes comprises a main electrode layer and an adhesive 
layer. 

40. (Original) The thin film piezoelectric device according to claim 1, 
wherein a thickness of the piezoelectric film is in a range of 0.98 to 1.57 .mu.m. 



wherein the piezoelectric laminated structure comprises a lower electrode constituting the 
metal electrode, the piezoelectric film, and an upper electrode constituting the metal electrode 
stacked in order fi om the substrate side, and a total of thicknesses of the lower electrode and 
the upper electrode is in a range of 320 to 485 nm. 

42. (Original) The thin film piezoelectric device according to claim 41, 
wherein a thickness of the lower electrode is in a range of 170 to 235 nm. 

43. (Original) The thin film piezoelectric device according to claim 41 , 
wherein a thickness of the upper electrode is in a range of 1 50 to 250 nm. 



4 1 . (Original) The thin film piezoelectric device according to claim 1 , 
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44. (Original) The thin film piezoelectric device according to claim 1, 
wherein the piezoelectric laminated structure comprises a lower electrode constituting the 
metal electrode, the piezoelectric film, and an upper electrode constituting the metal electrode 
stacked in order fi'om the substrate side, and a ratio of a total of thicknesses of the lower 
electrode and the upper electrode to a thickness of the piezoelectric film is in a range of 0,255 
to 0.392. 



45. (Original) The thin film piezoelectric device according to claim 39, 
wherein the piezoelectric laminated structure comprises a lower electrode constituting the 
metal electrode, the piezoelectric film, and an upper electrode constituting the metal electrode 
stacked in order fi om the substrate side, and a ratio of a total of thicknesses of the lower 
electrode and the upper electrode to a thickness of the piezoelectric film is in a range of 0.255 
to 0.452. 



46. (Withdi awn) A method of forming an acoustic resonator, comprising: 
depositing an adhesive layer; 

depositing an electrode layer containing Molybdenum (Mo) or Tungsten (W) 
on the upper surface of the adhesive layer; and 

depositing a layer of piezoelectric material on the electrode layer, wherein the 
adhesive layer comprises one of Titanium (Ti), Zirconium (Zr) and Chromium (Cr). 
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47. (Withdrawn) The method according to claim 46, wherein the adhesive 
layer and the electrode layer are deposited by DC magnetron sputtering. 

48. (New) A thin film piezoelectric device including a substrate having a 
plurality of vibration spaces, an insulating layer fomied on an upper surface of the substrate, a 
piezoelectric laminated structure foiTned on an upper surface of the insulating layer, diaphragms 
positioned facing the vibration spaces, and a support area in which the piezoelectric laminated 
structure and the insulating layer are supported by the substrate, a plurality of thin film 
piezoelectric resonators being formed facing the vibration spaces, 

wherein the piezoelectric laminated structure has at least a piezoelectric 
film and a metal electrode foimed on at least a part of each of the opposite surfaces of the 
piezoelectric film, each diaphragm comprises a portion of the piezoelectric laminated structure 
and a portion of the insulating layer, and a support area comprises another portion of the 
piezoelectric laminated structui e and at least a portion of the insulating layer, and 

wherein at least one set of two adjacent thin film piezoelectric resonators 
ai e electrically connected to each other through the metal electrode, the thin film piezoelectric 
device comprising at least one set of two adjacent thin film piezoelectric resonators in which DO 
is a distance between the centers of the diaphi agms of the two electrically connected adjacent 
thin film piezoelectric resonators and Dl is a length of a segment of the support area on a straight 
line passing through centers of the diaphragms of two electrically connected adjacent thin film 
piezoelectric resonators, and a ratio Dl/DO is 0. 1 to 0.5. 
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49. (New) The thin film piezoelectric device according to claim 48, wherein 
the ratio Dl/DO is in a range of 0. 1 to 0.5 with respect to all the sets of two electrically 
connected adjacent thin film piezoelectric resonators. 

50. (New) The thin film piezoelectric device according to claim 48, wherein 
each of the vibration spaces is formed by a via hole extending fi'om the surface of the substrate 
on which the insulating layer is formed to the opposite surface, and a side wall surface of the via 
hole forms a slant angle in a range of 80 to 100° with respect to the surface of the substrate on 
which the insulating layer is fonned. 

51 . (New) The thin film piezoelectric device according to claim 48, wherein 
the piezoelectric laminated structure comprises a lower electrode constituting the metal 
electrode, the piezoelectric film, and an upper electrode constituting the metal electrode stacked 
in order fi om the insulating layer side in at least one thin film piezoelectric resonator. 

52. (New) The thin film piezoelectric device according to claim 51 , wherein 
the upper electrode of the at least one thin film piezoelectric resonator coriiprises two electrode . 
portions, 

53. (New) The thin film piezoelectric device according to claim 48, wherein 
the piezoelectric laminated structure comprises a lower electrode constituting the metal 
electrode, a first piezoelectric film, an inner electrode constituting the metal electrode, a second 
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piezoelectric film, and an upper electrode constituting the metal electrode stacked in order fi'om 

the insulating layer side in at least one thin film piezoelectric resonator 

54. (New) The thin film piezoelectric device according to claim 48, wherein 
the insulating layer comprises at least one layer of silicon oxide and/or silicon nitride and/or 
aluminum nitride as a main component. 

55. (New) The thin film piezoelectric device according to claim 48, wherein 
the piezoelectric film is an oriented crystal film represented by a general formula Ali-xGaxN 
(where 0 < x < 1) and consists of a solid solution of aluminum nitride and gallium nitride 
showing a c-axis orientation, and a rocking curve half value width (FWHM) of a diffi-action peak 
of a (0002) surface of the film is 3.0° or less in at least one thin film piezoelectric resonator. 

56. (New) The thin film piezoelectric device according to claim 48, wherein 
the piezoelectric film is a zinc oxide thin film showing a c-axis orientation, and a rocking curve 
half value width (FWHM) of a diffiaction peak of a (0002) surface of the film is 3.0° or less in at 
least one thin film piezoelectric resonator. 

57. (New) The thin film piezoelectric device according to claim 48, wherein 
the piezoelectric film is a lead titanate thin film or a lead zirconate titanate thin film in at least 
one thin film piezoelectric resonator. 
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58. (New) The thin film piezoelectric device according to claim 48, wherein 
the planar shape of one of the diaphragms has two pairs of opposite sides, and at least one pair of 
opposite sides is foiTned to be non-parallel in at least one thin film piezoelectric resonator. 

59. (New) The thin film piezoelectric device according to claim 48, wherein 
at least a part of the planar shape of one of the diaphragms is formed by a non-squai e iiregular 
polygonal shape in at least one thin film piezoelectric resonator. 

60. (New) The thin film piezoelectric device according to claim 48, wherein, 
the planar shape of one of the diaphragms is formed by a non-square iiregular polygonal shape 
including a curved portion in at least a part of the shape in at least one thin film piezoelectric 
resonator. 

61. (New) The thin film piezoelectric device according to claim 48, the thin 
film piezoelectric device being a thin film piezoelectric filter. 

62. (New) The thin film piezoelectric device according to claim 61, wherein 
the thin film piezoelectric filter comprises a ladder type circuit comprising a plurality of thin film 
piezoelectric resonators connected in series and at least one of the thin film piezoelectric 
resonators branched from/connected to the plurality of resonators connected in series. 

63. (New) The thin film piezoelectric device according to claim 48, the thin 
film piezoelectric device being a duplexer comprising a plurality of thin film piezoelectric fihers. 
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64. (New) 



The thin film piezoelectric device according to claim 63, wherein 



the thin film piezoelectric filter comprises a ladder type circuit comprising a plurality of thin film 
piezoelectric resonators connected in series and at least one of the thin film piezoelectric 
resonators branched fi-om/connected to the plurality of resonators connected in series. 

65. (New) A method of manufacturing the thin film piezoelectric device 
according to claim 48, comprising the steps of forming the insulating layer on the substrate 
comprising a semiconductor or an insulator; forming the piezoelectric laminated structure on the 
insulating layer, and thereafter forming the vibration spaces in the substrate fi om a side opposite 
to the side on which the insulating layer is form by a deep graving type reactive ion etching 
process. 

66. (New) The thin film piezoelectric device according to claim 49, wherein 
the ratio Dl/DO is in a range of 0. 18 to 0.3 with respect to all the sets of two electrically 
connected adjacent thin film piezoelectric resonators. 

67. (New) The thin film piezoelectric device according to claim 48, wherein 
assuming that a thickness of the piezoelectric film is t, and a thickness of the insulating layer is t', 
0.1 <tVt<0.5is satisfied. 

68. (New) The thin film piezoelectric device according to claim 48, wherein 
at least one of metal electrodes comprises a main electrode layer and. an adhesive layer. 
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69. (New) The thin film piezoelectric device according to claim 48, wherein a 
thickness of the piezoelectric film is in a range of 0.98 to 1.57 [am. 

70. (New) The thin film piezoelectric device according to claim 48, wherein 
the piezoelectric laminated structure comprises a lower electrode constituting the metal 
electrode, the piezoelectric film, and an upper electrode constituting the metal electrode stacked 
in order fi om the insulating layer side, and a total of thicknesses of the lower electrode and the 
upper electrode is in a range of 320 to 485 nm. 

71 . (New) The thin film piezoelectric device according to claim 70, wherein a 
thickness of the lower electrode is in a range of 1 70 to 235 nm. 

72. (New) The thin film piezoelectric device according to claim 70, wherein a 
thickness of the upper electrode is in a range of 150 to 250 nm. 

73. (New) The thin film piezoelectric device according to claim 48, wherein 
the piezoelectric laminated structure comprises a lower electrode constituting the metal 
electrode, the piezoelectric film, and an upper electrode constituting the metal electrode stacked 
in order fi om the insulating layer side, and a ratio of a total of thicknesses of the lower electrode 
and the upper electrode to a thickness of the piezoelectric film is in a range of 0.255 to 0.392. 
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74. (New) The thin film piezoelectric device according to claim 68, wherein 
the piezoelectric laminated structure comprises a lower electrode constituting the metal 
electrode, the piezoelectric film, and an upper electrode constituting the metal electrode stacked 
in order fi-om the insulating layer side, and a ratio of a total of thicknesses of the lower electrode 
and the upper electrode to a thickness of the piezoelectric film is in a range of 0.255 to 0.452. 
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